There is a continuing requirement for high-performance tribological coatings in both commercial and military applications. To maximize system performance, corresponding improvements in wear resistance, high-temperature stability, corrosion behavior, and bearing durability must be realized. In our ongonrg study, a number of different coatings were applied to 52100 bearing steel, 4340 steel, Inconel718, and Ti-6Al-4V to improve wear characteristics, corrosion resistance, and rolling contact fatigue behavior. This report deals with CrN, TiN, W, and Ta coatings deposited by magnetron sputtering. Data on corrosion, Falex annular wear, ballon-disk, and rolling contact fatigue are presented.
2.2 Coating Application. Flat samples were coated using a single cathode magnetron sputtering process, while the RCF specimens were coated using a dual cathode in combination with a two-fold rotation device. The coatings were applied under the conditions in Table 1 (Rgas pressure x lo4 torr, kW -DC power in kilowatts, VS -substrate bias in volts, AB -bias current in amperes): [2] . Uncoated portions of the specimens were masked to prevent premature attack of these regions, and visual observations were made throughout the test. A control specimen electroplated with a 25-mm hard chrome coating was also included in the corrosion testing. Hardness testing of the RCF specimens was done under the following conditions: 150-kg major load and a Rockwell "c" Brale indentor. The hardness data are shown for the RCF specimens in Table 2 . Significant softening of the 52100 substrate occurred during the sputtering process, making the 8.0~~.un W-coated and Ta-coated specimens too soft for RCF testing.
Friction Coefficient Measurements. A ball-on-disk tribometer (Implant Sciences
The IN-718, Ti-6Al-4V, and 4340 steel substrates were respectively 45.1, 40.9, and 38.6 HRC. This is too soft to attempt any RCF tests at typical loads for bearing materials. It should be noted that the 4340 samples were incorrectly heat-treated prior to machining, resulting in the substandard hardness. Table 3 . Note the high hardness achieved by the W and Ta coatings. The 0.25~mm-thiclc nitride coatings were not tested due to the fact that the penetration depth at 30 mN exceeded the coating thickness.
Corrosion
Results. The samples of coated 4340 showed very little resistance to pitting corrosion under the cyclic conditions. In less than two complete cycles, all of the coatings allowed significant pitting corrosion, including the specimen coated with electroplated chrome.
The 8&m Ta coating performed slightly better, showing only a few isolated pits. It is evident that pinholes still exist in all of the magnetron-sputtered coatings evaluated. However, as the electroplated chrome did little to retard the pitting corrosion, this should not be viewed negatively.
3.3 Annular Sliding Wear. The wear coefficients determined fkom the annular ring testing are given in Table 4 . As would be expected, the 52100 specimens consistently outperformed the other materials due to its higher substrate hardness. The metal nitride coatings improved the . wear resistance of 52100 at all load levels, except for the 1. 7~5.14E-10 3.4 RCF. The RCF data in Table 5 show that the uncoated specimens had the highest lifetimes. The degradation in RCF life was caused by undesirable tempering of the substrate during the deposition of the coatings, as seen in the hardness data in Table 2 work has shown that RCF lifetimes increased with coatings of TiN and CrN from 1 to 2 mm thick [3] [4] .
The softening of the substrate may represent a serious barrier to using magnetron sputtering to protect large-caliber gun tubes. Significant heating beneath the surface could allow for recovery of the plastic work that produces residual compressive stresses near the bore surface. It is critical that the Army address this problem at the outset of future gun-related studies. 3. Both nitride coatings on Ti-6Al-4V provided greatly enhanced wear properties in the annular ring tests, approaching the properties of uncoated 52100 steek 4. The unlubricated ball-on-disk tests were inconclusive from a wear standpoint.
5. Pinholes in all of the sputtered samples allow pitting at the specimen surface during corrosion testing. However, the behavior of hard electroplated chrome (25 mm) is similar.
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